Objectives: Chest ultrasonography is a useful diagnostic tool for the detection of pleural effusions of different etiologies. Our purpose was to determine whether the echogenic swirling pattern identifiable on real-time chest ultrasonographic images is a predictor of malignant pleural effusions in patients with malignancies. Abbreviations: CHF ϭ congestive heart failure; LDH ϭ lactate dehydrogenase; PAI ϭ plasminogen-activator inhibitor; SLE ϭ systemic lupus erythematosus; t-PA ϭ tissue-type plasminogen activators; VATS ϭ video-assisted thoracoscopic biopsy P leural effusions are a common manifestation of many diseases. Lung cancer and other malignancies are commonly associated with pleural effusions. Malignant pleural effusions are not symptoms of respiratory system disease only. 1 Autopsy studies in patients with malignant pleural effusions suggest that most effusions arise from tumor emboli to the visceral pleural surface, with secondary spreading to the parietal pleura. 2 Direct tumor invasion, distant hematogenous metastases, and lymphatic involvement may also lead to malignant pleural effusions. Paramalignant pleural effusions have been defined as effusions that are not the direct result of neoplastic involvement in the pleura, but are still related to the primary tumor, and include effusions due to tumor-related lymphatic obstruction, postobstructive pneumonia or atelectasis, chylothorax, and hypoalbuminemia. 3 Real-time chest ultrasonography offers a more effective and convenient method than traditional radiography for the detection of pleural effusions. 4
P
leural effusions are a common manifestation of many diseases. Lung cancer and other malignancies are commonly associated with pleural effusions. Malignant pleural effusions are not symptoms of respiratory system disease only. 1 Autopsy studies in patients with malignant pleural effusions suggest that most effusions arise from tumor emboli to the visceral pleural surface, with secondary spreading to the parietal pleura. 2 Direct tumor invasion, distant hematogenous metastases, and lymphatic involvement may also lead to malignant pleural effusions. Paramalignant pleural effusions have been defined as effusions that are not the direct result of neoplastic involvement in the pleura, but are still related to the primary tumor, and include effusions due to tumor-related lymphatic obstruction, postobstructive pneumonia or atelectasis, chylothorax, and hypoalbuminemia. 3 Real-time chest ultrasonography offers a more effective and convenient method than traditional radiography for the detection of pleural effusions. 4 The role of real-time chest ultrasonography in identifying small-volume pleural effusions, pleural thickening, pleural metastases, pleural empyema, and pneumothorax is well documented.
In the course of our clinical practice, we have occasionally found an echogenic swirling pattern in pleural effusions. We ascertained that the majority of patients with this pattern have malignant disease with malignant pleural effusions, and that a minority have tuberculous pleural effusions. These findings prompted us to examine the etiology of the echogenic swirling pattern, the possible underlying mechanism, and finally the clinical significance of this pattern in patients with malignancies. To our knowledge, there have been no previous studies of ultrasonographic images from patients with malignant pleural effusions. The aims of this study were to determine the causes of the echogenic swirling pattern, to evaluate its clinical application as a predictor of malignant pleural effusions in patients with malignancies, and to propose the possible mechanism underlying the echogenic swirling pattern.
Materials and Methods

Subjects
We reviewed the records of patients undergoing chest ultrasonography between January 2000 and December 2002 at the Tri-Service General Hospital, a tertiary referral center in Taiwan. The inclusion criteria were that all patients showed the echogenic swirling pattern in pleural effusions detected by chest ultrasonography or had malignant diseases associated with pleural effusions, and all had undergone cytologic examination of their pleural effusions or pathologic examination of pleural tissues. Over the 3-year period, 140 patients were enrolled in the study. We classified the 140 patients into three groups. Group A (66 of 140 patients) contained those with underlying malignancies who were positive for the echogenic swirling pattern. Group B (50 of 140 patients) contained those patients with underlying malignancies with no echogenic swirling pattern. Group C (24 of 140 patients) were those with no history of underlying malignancies but were positive for the echogenic swirling pattern. The demographic characteristics of the patients are shown in Table 1 . Malignant effusions were defined as exudates with evidence of malignant cells on cytologic examination of pleural fluids or pathologic examination of pleural tissues. Paramalignant pleural effusions were defined as effusions that were not the direct result of neoplastic involvement of the pleura but were still related to the primary tumor. Tuberculous effusions were defined as exudates producing positive cultures of Mycobacterium tuberculosis, with no evidence of malignancy. Parapneumonic effusions were defined as exudative pleural effusions with pneumonia. Empyema was defined by pleural fluids positive for Gram stain. Hemothorax was defined by exudates with effusion hematocrits Ͼ 50% relative to blood. Systemic lupus erythematosus (SLE) effusion was defined as exudates associated with definite SLE and unrelated to other complications. Congestive heart failure (CHF) effusions were defined as transudates associated with an enlarged heart, neck vein distension, and cardiac gallop, which improved after CHF therapy. Liver cirrhosis effusions were defined as transudates associated with sonographic evidence indicating irregular liver surfaces, increased liver echogenicity, ascites, or splenomegaly. Nephrotic syndrome effusions were defined as transudates associated with daily protein loss Ͼ 3.5 g and hypoalbuminemia.
Ultrasonographic Criteria for Defining the Echogenic Swirling Pattern
Examinations were performed using a real-time ultrasound scanner (Toshiba SSA-340A; Toshiba; Tokyo, Japan) with 3.75-MHz sector transducers. All patients were examined in an upright sitting position or the lateral decubitus position. The chest ultrasonographic scanner was operated by well-trained chest physicians.
The echogenic swirling pattern was defined as numerous floating echogenic particles within the pleural effusion that moved in response to respiratory movement or heartbeat under real-time sonographic examination. Descriptions of this echogenic swirling pattern in pleural effusions have been recorded in previous chest ultrasonography reports.
Pleural Fluid Collection and Analysis
Pleural effusions were drawn by diagnostic thoracentesis and divided into different collecting tubes. All specimens were sent to laboratories for analysis of pH, specific gravity, bacterial cultures, Gram stain, tuberculosis, acid-fast stain, lactate dehydrogenase (LDH), total protein, differential total leukocyte counts, and cytologic parameters.
Statistical Analysis
The three groups of continuous variables were compared with one-way analysis of variance.
2 analyses of contingency tables was used to compare the correlation of two categorical variables. Yates correction was used for 2 ϫ 2 tables (1 degree of freedom). A Fisher exact test was used for 2 ϫ 2 tables if the expected count of at least one cell was Ͻ 5. An ␣ level of 0.05 was deemed significant for all statistical tests.
Results
The demographic data of patients are shown in Table 1 . There were 29 women and 37 men in group A, 19 women and 31 men in group B, and 6 women and 18 men in group C. The mean (Ϯ SD) ages were 66.3 Ϯ 14.7 years in group A, 65.0 Ϯ 15.9 years in group B, and 67.5 Ϯ 18.2 years in group C. There was no significant difference between the mean ages of these three groups. The disease status of patients is shown in Table 1 . In group A, 45 patients (68.2%) had lung cancer. In group B, 28 patients (56.0%) had lung cancer. In group C, nine patients (37.5%) had pneumonia and seven patients (29.2%) had tuberculosis of the lung, which were common etiologies of effusions.
Biochemical parameters (LDH, glucose, total protein) and differential cell counts of the pleural effusions were studied. Total protein levels in pleural effusions were significantly lower in group C than in either group A or group B (p ϭ 0.002; Table 2 ).
In group A, malignant pleural effusions were diagnosed in 54 patients: 45 patients by cytologic examination of the pleural fluid, 6 patients by pleural biopsy, and 3 patients by video-assisted thoracoscopic biopsy (VATS). Paramalignant pleural effusions were diagnosed in another 12 patients because no frank malignant cells were found in the pleural fluid. In group B, malignant pleural effusions were diagnosed in 24 patients: 21 patients by cytologic examination of the pleural fluid, 2 patients by pleural biopsy, and 1 patient VATS. Paramalignant pleural effusion was diagnosed in another 26 patients.
The etiologies of the echogenic swirling pattern were malignancy, pneumonia, tuberculosis, cirrhosis of the liver, SLE, hemothorax, empyema and, rarely, nephrotic syndrome or CHF. The overall rate of diagnosis of malignant pleural effusion was 67.2% in our study.
The correlation between the echogenic swirling pattern and malignant pleural effusions in patients with underlying malignancies was 81.8% (54 of 66 patients) in group A but only 48% (24 of 50 patients) in group B. In patients with underlying malignancies, the presence of the echogenic swirling pattern was more predictive of malignant pleural effusions than was the absence of swirling (p Ͻ 0.01; Table 3 ).
In those patients with malignant pleural effusions, we evaluated the correlation between the echogenic swirling pattern and the presence of adenocarcinoma in the pleural effusion (Table 4 ). In those groups with the echogenic swirling pattern, 88.9% had pleural effusions that were adenocarcinoma positive, whereas in the group with no swirling, only 79.2% were adenocarcinoma positive. Thus, we found no significant correlation between swirling and adenocarcinoma (p ϭ 0.299).
Discussion
Chest ultrasonography is well established as a useful imaging method in the differential diagnosis of pleural-based lesions, 5 peripheral pulmonary lesions, 6 -10 mediastinal masses, 11 pulmonary con- solidations, 12 and chest-wall lesions. 13, 14 Chest ultrasonography also is a very useful tool in assessing the nature of pleural opacities and effusions. [15] [16] [17] Malignant pleural effusions are one of the clinical manifestations of several malignancies, especially lung cancer. 1, 18 Cytologic examination of pleural fluid is the simplest method of diagnosing malignant pleural effusions. According to one large study, 19 the complication rate of thoracentesis is low (1%). The diagnostic rate by pleural fluid cytology is approximately 62 to 90%. 3 In our study, excluding diagnoses made by pleural biopsy or VATS, the diagnostic rate by pleural fluid cytology was 57%. The sonographic patterns of pleural effusions have been subclassified as anechoic, complex nonseptated, complex septated, or homogeneous. 17 However, the sonographic pattern of malignant pleural effusions can present as any one of the patterns thus defined, and there has been no study of the capacity of ultrasonography to predict malignant pleural effusions. In our study, an echogenic swirling pattern was identified by real-time chest sonography examination in 90 patients, of whom 66 patients (73.3%) had underlying malignancies and 24 patients (26.7%) had underlying benign disease (Fig 1) . The echogenic swirling pattern occurs with both malignant and benign disease. Therefore, there is no role for this pattern in differentiating benign from malignant pleural effusions.
Our results show that the echogenic swirling pattern did not correlate with pleural biochemical parameters (LDH, glucose, total protein), total leukocyte count, percentage of lymphocytes, or percentage of neutrophils. Although the mean protein level in group C was significantly lower than that in group A or group B (p Ͻ 0.05), this was due to four patients with transudates from underlying diseases, such as cirrhosis of the liver, nephritic syndrome, and CHF. One study 20 that examined the fibrinolytic and inflammatory processes in pleural effusions found that levels of plasminogen-activator inhibitor (PAI) levels (by measuring PAI activity, PAI-1 antigenicity, and PAI-2 antigenicity) and von Willebrand factor were significantly higher in patients with empyema or tuberculosis than in those with cancer or cardiac failure. This study also found elevated levels of tissue-type plasminogen activators (t-PA) in some malignant pleural effusions. 20 Another study, by Hua et al, 21 reported significantly higher levels of t-PA in malignant pleural fluid than in tuberculous pleural fluid, and significantly higher levels of PAI-1 and tumor necrosis factor-␣ in tuberculous pleural fluid than in malignant pleural fluid. Both of these studies indicate that malignant pleural fluid has higher t-PA and lower PAI levels than empyema and tuberculosis fluid. Therefore, there is higher fibrinolytic activity and greater formation of fibrin in malignant pleural effusions. We also found that in some patients, the swirling pattern disappeared during the course of consecutive chest sonographic examinations. We suggest that the possible mechanism of the echogenic swirling pattern may be related to the fibrotic/ fibrinolytic complex. In our study, patients were classified as having paramalignant pleural effusions when their pleural fluid or pleural cytologic results were negative for malignant cells. Because VATS was not used to assess these patients, the malignant status of their pleural effusions (whether positive or negative) could not be determined. Nor could the sensitivity, specificity, positive predictive value, or negative predictive value of the swirling be calculated in relation to malignant pleural effusions. The nature of the echogenic swirling pattern is still unknown, and how the swirling pattern develops has not been determined. Prospective studies should be conducted to resolve these issues.
Because these malignant pleural effusions were almost all adenocarcinomas, it might appear that adenocarcinomas are more likely to invade the pleural space. Nevertheless, among those patients with malignant pleural effusions, the correlation between swirling and adenocarcinoma was poor. Our results indicate a strong correlation between positive cytologic evidence of malignant cells and the echogenic swirling pattern in patients with pleural effusions and underling malignancies (81.8% vs 48%; p Ͻ 0.01)
In conclusion, the underlying diagnosis in patients showing swirling varies from benign disease (such as pneumonia) to malignancy. We found that swirling does not correlate with the presence of adenocarcinoma cells in malignant pleural effusions. However, swirling correlates strongly with malignant pleural effusions in patients with malignancies. This correlation suggests that swirling may be a useful and simple marker of malignant pleural effusions in such patients. 
